forming units [IFU] ) for 5 days. The cytokine (IFN-␥, TNF-␣, and IL-10) analyses were performed from the culture supernatants using commercially available enzyme-linked immunosorbent assay kits (Pelikine Compact; Central Laboratory of The Netherlands Red Cross Blood Transfusion Service, Amsterdam, The Netherlands).
The Mann-Whitney U test and Wilcoxon paired t test were performed using SPSS software (SPSS, Inc., Chicago, Ill.).
A primary C. pneumoniae infection was diagnosed by the presence of IgM antibodies in 16 of the 291 patients (5.5%), and 9 of these 16 patients were within reach for the follow-up study of CMI responses. The IgM response to C. pneumoniae continued to increase after admission (geometric mean titer [GMT] of 31.8) and reached its maximum value (GMT of 160.0) 2 to 3 weeks after diagnosis. The C. pneumoniae-specific IgG antibodies were positive (IgG Ն 32) 8 weeks after the diagnosis in eight of the nine patients (GMT of 50.8) and at 16 weeks in all 9 patients (GMT of 36.8). A positive C. pneumoniae-specific IgA response (IgA Ն 16) was found in only three of the nine patients (33%) at some point in the follow-up (Table 1) , and C. trachomatis-specific IgG antibodies were detected in none of them. The PBL proliferative response to C. pneumoniae was positive (stimulation index [SI] Ն 3) in all nine patients at 3 weeks after the disease symptoms appeared (Table 1 ; median SI, 86.1; range, 3.1 to 162.0). CMI responses were also studied in five control patients who did not have detectable antibodies to C. pneumoniae, and the median PBL response in these cases was 2.3 (range, 1.0 to 7.1). The PBL responses to C. pneumoniae antigen started to decline after the active phase of the infection but remained clearly positive up to 16 weeks (24.3; range, 3.5 to 97.3) in seven patients. As shown in Table 1 , the PBL responses were low (SI Ͻ 3) at week 16 in two patients, one of whom no longer had detectable antibodies to C. pneumoniae.
The PBL responses to C. trachomatis did not change and were significantly lower than those to C. pneumoniae at every time point (median responses of 1.6, 7.9, and 2.7 at weeks 3, 8, and 16, respectively; P Ͻ 0.05).
The PBL activation induced by the infectious C. pneumoniae (0.1 and 0.01 EB/PBL) was detected in vitro as an increased number of CD8 ϩ DR ϩ lymphocytes in comparison to nonstimulated lymphocytes in the specimens taken at 3 weeks (P Ͻ 0.01) but less clearly in the later specimens (Fig. 1) . The expression of HLA-DR antigen on the nonstimulated CD4 ϩ lymphocytes tended to be high at week 3 relative to the other time points and did not differ statistically significantly from the stimulated level at any time point.
C. pneumoniae-induced cytokine secretion (IFN-␥, IL-10, and TNF-␣) was analyzed in the 5-day culture supernatants. The strong PBL proliferative response at week 3 was also reflected in increased production of IFN-␥ in response to C. pneumoniae EB (0.1 IFU/PBL) compared to the nonstimulated secretion (Fig. 2) . Thereafter, the C. pneumoniae-induced IFN-␥ secretion tended to decline, but the difference between the nonstimulated and stimulated PBL remained significant over the whole period. Secretion of TNF-␣ and IL-10 was clearly detectable even in the culture supernatants of nonstimulated PBL at all the time points, but stimulation with C. pneumoniae enhanced the secretion significantly (Fig. 2) .
According to our results, C. pneumoniae-specific CMI responses during acute C. pneumoniae infection appeared early after the disease symptoms and simultaneously with the humoral response. The strength of the proliferation did not correlate with the antibody responses, however, which is in accordance with immune responses during C. trachomatis infection (4, 12) . Although the PBL responses differed widely in the patients, in spite of antimicrobial therapy, these responses appeared to be strong during the active stage of the infection compared to corresponding results for C. pneumoniae seronegative subjects included in this and an earlier series of ours (17) and with subjects having IgA antibodies to C. pneumoniae (9) . Strong PBL reactivity to C. trachomatis antigens has been associated with spontaneous clearance of Chlamydia infection (2), suggesting a protective role for CMI in the development of trachoma.
The fact that the C. pneumoniae-induced PBL reactivity was significantly stronger than that to C. trachomatis antigen shows that CMI reactivity to C. pneumoniae is species specific during a primary infection (17) , as was the case in healthy C. pneumoniae-immune responders (9) . On the other hand, C. pneumoniae-specific CMI responses in patients with coronary heart disease have been shown to be predominantly induced by antigenic structures that are common among chlamydial species (8) . It is difficult to know whether immune responses to chlamydial antigens are linked to the immunopathological mechanism that operates in C. pneumoniae-associated chronic diseases (19) ; in any case, the PBL cross-reactivity to chlamydial species that was typically found in male patients with coronary heart disease but not in female ones (8) is not a general phenomenon related to the male sex because all of the patients with species-specific PBL reactivity in this series were men.
According to our results, C. pneumoniae-induced T-cell activation seemed to be linked with CD8 ϩ cells during the active stage of infection, since the difference between nonstimulated and C. pneumoniae-stimulated cells expressing the HLA-DR molecule was larger in CD8 than in CD4 cells. Alternatively, the nonsignificant difference in the activated CD4 ϩ T cells between nonstimulated and stimulated cells early in the acute infection suggests that the CD4 ϩ cells were activated in vivo and are thereby important for recovery from the infection.
IFN-␥ has proved to be crucial in terms of the eradication of infection and providing immunity to experimental Chlamydia (14, 15) . On the other hand, susceptibility and impaired host defence against Chlamydia has been shown to be a consequence of a cytokine production switch to prominence of , an anti-inflammatory cytokine that attenuates CMI reactions that are needed for host defence against intracellular pathogens (5, 6) . According to our results, IFN-␥ production was clearly detectable after PBL stimulation with infectious C. pneumoniae EBs in all of the patients studied. IL-10 secretion was simultaneously detected as well, but never in the absence of IFN-␥ secretion by the same cells, which argues against the immune response being immunosuppressive in these subjects. Although it is not possible to draw conclusions about the physiological significance of the cytokine concentrations, the presence of IL-10 in the Chlamydia-stimulated cell cultures may reflect a possibility that overproduction of IL-10 at some stages may inhibit the immune response and IFN-␥ secretion upon C. pneumoniae stimulation.
In conclusion, we have shown that a primary C. pneumoniae infection induces the development of a positive PBL proliferative response to C. pneumoniae but not to C. trachomatis and also the secretion of IFN-␥ in all subjects. C. pneumoniaeinduced lymphocyte activation involves CD8 ϩ T cells in the early phase of infection but CD4 ϩ T cells in the later stage. However, in vivo activation of CD4 ϩ cells during the acute disease may relate to their role in recovery from infection. No significant differences were observed in the immune responses among the subjects, although a larger population would be needed to determine whether any immunopathological markers of susceptibility to chronic C. pneumoniae infection (11, 16, 19) can be seen at the acute stage of infection or only with time or after repeated infections.
